N early 2 decades ago, local Ca 2ϩ release events during diastole were first observed and named Ca 2ϩ sparks. 1 These were originally attributed to large releases from single ryanodine receptor (RyR) channels. 1 Subsequently, Lipp and Niggli proposed that Ca 2ϩ sparks could be the summation of smaller releases recruited from within the same cluster and coined the term calcium quarks. 2 Arduous experiments from this group and others have indeed recorded very small release events proposed to be from smaller numbers of RyRs; however, such reports have remained limited. 3, 4 In this issue of Circulation Research, evidence is presented to show how small release events from within a RyR cluster are a key component of sarcoplasmic reticulum (SR) Ca 2ϩ release. 5 3, 4 have previously gone undetected because of the low signalto-noise ratio inherent to confocal Ca 2ϩ measurement. The common mode of spontaneous spark detection is based on thresholding above this noise floor such that "false" event detection is minimized. In doing so, small events are lost as they are of similar amplitude to the noise. The present study shows the merit of pairing cytosolic (sparks) and SR (blinks) Ca 2ϩ measurements leading to an order of magnitude improvement in rejection of false sparks. This improved, if rather demanding, method, therefore, allows the study of these QCR events, possibly answering some existing questions surrounding non-spark-mediated Ca 2ϩ release. In 2 recent studies, the relevance of non-spark-mediated Ca 2ϩ release during diastole has been highlighted. Two separate methods have recently proposed that Ca 2ϩ sparkmediated release was the "tip of the iceberg" with regard to diastolic regulation of SR Ca 2ϩ . Santiago et al 12 have recently shown how sparks may only account for Ϸ50% of SR Ca 2ϩ leak. Zima et al 13 came to a similar conclusion by monitoring both cytosolic and SR Ca 2ϩ , as in the present study. While they found a similar relationship at physiological Ca 2ϩ loads, they noted that non-spark-mediated leak dominated at lower SR Ca 2ϩ levels. This was extended to show that this relationship was altered in an animal model of heart failure. This model showed a Ca 2ϩ spark frequency that was 21% higher, whereas the nonspark SR Ca 2ϩ leak increased by 40%. The data of Brochet et al 5 help unify the results of these 2 studies, suggesting QCR could be the common pathway responsible for these measurements.
The QCR events detected by Brochet et al 5 are compatible with the theory of "rogue" RyRs proposed by Sobie et al. 14 The opinions expressed in this editorial are not necessarily those of the editors or of the American Heart Association.
From The present study is also compatible with recent highresolution studies of RyR cluster morphology, which has updated the view of the size and organization of RyR clusters. 15, 16 Smaller clusters are proposed, arranged in an archipelago formation termed the "supercluster," made up of closely associated units, with a mean size of Ϸ14 RyRs. Many isolated RyRs were observed, usually associated within the supercluster formation. The present study uses this information to propose that sparks are made up of a coordinated Ca 2ϩ -induced Ca 2ϩ release event from RyRs in such a formation; Ca 2ϩ released from one fragment of the cluster diffuses and triggers release from a neighboring fragment, coalescing to form the observed Ca 2ϩ spark (see Figure 7 in Brochet et al 5 ). Smaller QCR events originate from the smaller islands of RyRs. This cytosolic recruitment is proposed to determine spark duration; activation of more adjacent RyRs will prolong the resultant cytosolic signal.
This model of Ca 2ϩ release is supported by experiments in which low and high concentrations of EGTA were used. Increasing the level of EGTA to 2 mmol/L was shown to abbreviate both spark and blink duration, indicating QCR events were inhibited. This reinforces the hypothesis that increased Ca 2ϩ buffering will interrupt the transmission of Ca 2ϩ from the initial triggering site to its supercluster neighbors.
Interestingly, the level of EGTA used here is of the same order used in many studies of local triggered RyR opening events, Ca 2ϩ spikes. [17] [18] [19] [20] [21] In these studies, the local Ca 2ϩ release, the RyR flux proper, is visualized confocally as a rapid and short-lived (Ͻ20 ms long) event. These experiments typically require relatively high cytosolic buffering, which would inhibit quark-mediated efflux. The data from Brochet et al 5 raises the question of how best to measure RyR cluster opening times and fluxes in situ, if QCR is part of the physiologically triggered release. Ongoing efforts to replicate experimental data on triggered Ca 2ϩ release with existing models of RyR behavior often rely on spike measurements. [22] [23] [24] The fact that QCR is inhibited by increased cytosolic buffering by EGTA, therefore, somewhat complicates extrapolations from spikes in these modeling studies. Extra factors may need to be taken into account in the future, eg, RyR cluster morphology and dyadic Ca 2ϩ buffering, to ascertain their role in triggered spark duration and, hence, the amplitude of SR Ca 2ϩ release. The tools required for this task are for the moment limited.
Although the present study brings a new perspective to mechanisms of Ca 2ϩ loss, the question remains of how to translate measurements during long diastolic periods to physiological heart rates. True diastole is much shorter, but also has, most likely, higher cytosolic [Ca 2ϩ ]. In pathological conditions with a high sympathetic tone, rogue RyR/quark-mediated leak may be greatly elevated and more important than the "classic" spark pathway. In addition to reducing SR content (antiarrhythmogenic), conversely, a role for rogue RyRs in (proarrhythmic) Ca 2ϩ wave propagation has recently been highlighted. 25 Whether remodeling processes in hypertrophy and heart failure that influence dyad organization in T-tubules 26,27 also affect RyR cluster organization and "quarky" release remains unknown. The methodological approach and concept presented by Brochet et al 5 may open avenues to study these questions. 
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